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8 e ph AR R R S 42 1P e ROSEHE BE 457 HE 46 (singlet oxygen, '0,) ~ HE4 f2 B T-(superoxide radical,
0,) ~ &b & (hydrogen peroxide, H,0,) ~ ¥EE:H fH &L (hydroxyl radical, OH") » & /&M 55 25 5 B4l
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P — % (malondialdehyde, MDA)Z » /& EHEABEIE 7 HYAEFRACH - BERFEEANIE ) - It
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R4 (Special Fiberoptic 2010-F)2 (I K BEIMIAREDE » G Fo e FmE » STEDE R4
EME » DIFVFMZETR » FoRyf/ NEDEREITE © Pyl R CRECR © Fv = Fm-Fo » Bt &4
I FEFLL AT E » RRETEMADERLKIE § Fv/Fm = (Fm-Fo)/Fm » St R4S
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(Z) Bl T2 (clectrolyte leakage)

FRLFTALSHE LB (10 mm ~ [ERE1 mm) 35 HUEE[F S 28R E 5
KIRBKOB AR KTy » KR EZE R B &7A10 mL2 0.4 M #EHERE (mannito) L -
FE25°C T FHEEZ100 rpmEiZ3 hr » DIEEZEFEH]E #(Suntex, conductivity meter, SC-170)H1E
BALEC, - LB -20C MK - HULEDRARE R » FFLA-20C 2R 1IR » SR
SRBREIGREES hr o MTEEC, » BEF2REGTE - BEF 2R (%)=(EC,+ECy)x 100% -

(=) A % (malondialdehyde, MDA) & &

FEHL0.5 g EZ4HERTAS mLZ5% (w/v) trichloroacetic acid (TCA) K i & /EWDFL /K4 H bt
PS> BT 17A4°C LL12000 < g (25 minfEHY 5 © ST mL_F55R 0 A4 mL20.5% (w/v)
triobarbituric acid (TBA) » #72100°C #7/K)215 min » FEIR BT /KK P48 [E < DIElisa Reader
(BMG LABTECH, FLUOstar Omega Q, Germany)}| i€ 1F532 nm 2600 nmf £ 2 HEAE ©
(V) it m % (ascorbic acid))EfE

FEEV0.5 g5 F74H %% 0 A5 mL{zwEEEIHEUR (2 6% metaphoshoric acidfy2 N acetic acid)
A VKA R % DAHLISE T S 54 {6 (Reflectoquact ascorbic acid test strip, 24~450 mg/L, Merck)5
HURFHRATR - BEFARQ-flex (Merck) 3 U TIZIM AL -

(71) B8 {bAE f1(ferric reducing ability of plasma, FRAP)

FEHL0.5 g RZ4R4R IS mLEERE SR AR (pH 3.6) KBSV /KA THHE » [E1R1R4°C
L120000 > g2 10 minf&HY_EJFR - 70ArHFHLS0 nL EIERAIAT00 pL working reagent [{30
mMPEES 4B ~ 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) 5220 mM FeCly-6H,0LL10 = 1 : 1
AVEEBIBCEL RS » BB BE37°C /K810 min » §E7% DAElisa Reader} ] E (£ 593 nmfz & 22 1F
JelE - BEAERR4REL1,000 uM FeSO,FC#L -

(73) 48 &%(total phenolic compound, TPC)JEfE
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{&]24°C 120000 * g, 20 minf&HL LR o SpA7HFHL0.2 mL 3R REZE 1 mL - fIA0.1 mL
2 Folin-Ciocalteus phenol reagent (Merck) ~ 0.2 mL2720% Na,CO; 5, 8.7 mLE T /KB & 5%
FIF#KE3 minfg U A4 - B§7% L Elisa Reader (BMG LABTECH, FLUOstar Omega Q,
Germany) Il %E 660 nmyf7 & T~ 2 RHEAE - 54 Hh &R LA100 ppm caffeic acidfc#Y -

(t) BE (LB (peroxidase, POD, E.C. 1.11.1.7);& 4
FEEN0.5 g Fr4AHARNTAS mL22 0.1 MESHESE @2 (pH 7.0) K2 38 SE DA KA TR R - e
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Table 1. Effect of different times set at 25°C after hot water treatment on the chlorophyll fluorescence

(Fv/Fm) of ‘Tainung No. 2’ papaya peel

Treatment! > Fv/Fm
0 hr 8 hr 16 hr 24 hr
Control 0.76aA’ -1 - 0.75aA
55C 0.66bA 0.65aA 0.62aA 0.66bA
57C 0.42¢cB 0.56bA 0.55bA 0.52cA

!Control: no hot water treatment; 55 and 57°C : hot water temperature, for 90 sec.

“Setting time at 25°C after hot water treatment.

3Different letters within columns (small letters) and rows (capital letters) indicate statistically significant differences
by LSD at p <0.05.

*_: no record.
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% BT MR A RER D) o 2S5 CiE 24 hilifd » ZmE 2 RGZEEF2RE AT
HEEL  BEF2RENTN0~13% 2 - A B ENELE PR 2REHUEGED) » &
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Table 2. Effect of different times set at 25°C after hot water treatment on electrolytes leakage and

malondialdehyde contents of ‘Tainung No. 2’ papaya peel

Treatment’ Leakage (%) MDA (nmol-g"' FW)
0 hr’ 8 hr 16 hr 24 hr 0 hr 8 hr 16 hr 24 hr
Control 11.6aA’ 4 - 12.6aA 22.0laA - - 23.52aA
55 10.9aA  11.9aA 12.5aA 11.5aA 20.38aA  23.13aA  22.77aA  21.87aA
57°C 12.4aA  12.3aA 11.7aA  10.6aA 21.70aA  19.55aA  22.80aA  19.96aA

IControl: no hot water treatment; 55 and 57°C : hot water temperature, for 90 sec.

2Setting time at 25°C after hot water treatment.

*Different letters within columns (small letters) and rows (capital letters) indicate statistically significant differences
by LSD at p <0.05.

“_: no record.
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TN RS RS OISR B ARSI R 18 (EAEJI(FRAP) 18.09 pmol-g' FW
{BEAIRAE K 57 COZ I BRI E 75 (R =) - REIEETHR PUEALARE TI(FRAP) » [R25CIE
24 hef{AfE SR EE 2 7T LAE I (FRAP) A BEE 8L SR H4E(LAEJJ(FRAP) £515~19 pmol - g'!
FW -

SRR B & 8 U7 1 > £855805 7 C Ol S a B A% 4R S VP UR MBR RIS - 7371 £596.4 mg- 100
g' FW (55°CEISHFE) 52 107.1 mg- 100 g FW (57°CEUS I (F ) - M5 R (£ 7225 C B %
FERYRS N » 55ESTCoORSREIE =~ HUist M e i B Ae A W INAv#EEs - 1R25°ClitE24 hrig sy BRI
106.6 mg-100 g FW (55°C RS HEH) K 111.8 mg-100 g' FW (57°CIRUSRHE) o fEXEE L& TIRE
JiTH > 558¢57°C RS iR PR L HRAH R AR 7E L H BB 25 °C i B B M N 4E B S L & M e f
EEAL > O TEILEYIERL B637~760 pg-g' FW (F0U) -
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Table 3. Effect of different times set at 25°C after hot water treatment on the antioxidant capacity of

‘Tainung No. 2’ papaya peel

FRAP (umol- g 'FW)

Treatment'

0 hr? 8 hr 16 hr 24 hr
Control 16.11aA° -4 - 16.39aA
55°C 18.09aA 16.33aA 18.12aA 18.28aA
57°C 17.55aA 15.73aA 16.46aA 16.52aA

lcontrol: no hot water treatment; 55 and 57°C : hot water temperature , for 90 sec.

“Setting time at 25°C after hot water treatment.

3Different letters within columns (small letters) and rows (capital letters) indicate statistically significant differences
by LSD at p < 0.05.

*_: no record.
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Table 4. Effect of different times set at 25°C after hot water treatment on the ascorbic acid, and total

phenolic compound concentration of ‘Tainung No. 2’ papaya peel

Ascorbic acid (mg- 100g ' FW) Total phenolic compound (ug-g ' FW)
Treatment' 3
0 hr 8 hr 16 hr 24 hr 0 hr 8 hr 16 hr 24 hr
Control 94.5bA’ 4 - 94.2bA 752.0aA - - 736.0aA
55C 96.4abB 98.4aAB 98.0bAB 106.6abA 636.6aA 648.9aA 690.2aA 689.7aA

57C 107.1aAB 101.6aB  108.6aAB 111.8aA 759.2aA 686.0aA 734.5aA 647.9aA

Treatment: control: no hot water treatment; 55 and 57°C : hot water temperature, for 90 sec.

2Setting time at 25°C after hot water treatment.

*Different letters within columns (small letters) and rows (capital letters) indicate statistically significant differences
by LSD at p <0.05.

“_: no record.
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U TR B ) 0 45 R E6.5 unitsg ! FW(EIZAH) ~ 5.8 units-g™ FW (55°C JELS R FH) 525.9 units-g!
FW (57°CORSIEEE) - PR RS REE 25 C I B IR » 57T CRUSRME ~ B E LB S A
ibﬁﬁ"]ﬁ%% > HiAM6 he s i E LB S units-g ' FW) ARG FIE - BEZR55°CORLS I

WA LYIEE LA T CORS AL - 7525 CIE 16 hrFH SHY ‘&Tb%?ﬂ!/ﬁ ME(8.1
units'g” FW) > {HFAEET FEERE 2 B o 25 C 24 hrik SR HE R Mg 22 5 » @S (bR S
43711 556.9 units-g” FW (£HHE4H) ~ 7.6 units g FW (55°C 3 BLSFETE) K26.4 units-g” FW (57°C BLSETE) -
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Table 5. Effect of different times set at 25°C after hot water treatment on the peroxidase activity of

‘Tainung No. 2’ papaya peel

POD (units'g' FW)

1
Treatment 0 hr? 8 hr 16 br 24 hr
Control 6.5aA’ -4 - 6.9aA
55C 5.8aA 6.2aA 8.1aA 7.6aA
57°C 5.9aB 6.1aB 8.0aA 6.4aAB

Icontrol: no hot water treatment; 55 and 57°C : hot water temperature, for 90 sec.

2Setting time at 25°C after hot water treatment.

*Different letters within columns (small letters) and rows (capital letters) indicate statistically significant differences
by LSD at p <0.05.

“_: no record.
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BIMb AT REE R AV 2R - W2EE - BEREET AR LE S E > HARURETURIMER K
BCEIORE TR - (AR SIS (EERE > ErReidftdls 30 C WA ETiE(b
BEEE - PR A AR - BUREA P SA BEEEEIN » NGER B B R BR SeAE sk -
PRI ~ B AL R OSE 2] - Jin%E(2009)LL 38°C HVEUEIEHKELET 12 hr - FILUHREE 0
C iR E LY Ll (superoxide dismutase, SOD) ~ POD;E M K3 fIH LR M BE R - MR (K
FEGIROEEL" - (EHE® - {HFEH A DAIER -

TEAN R 2 0 RELLSRIER - REETRT R APIA LR AR SPIRE - 1 25
CHUCE 24 heiffife] > Spai 2 REUE(LRE ) AR EEVIRERFBER(ER = - RI) - RIL
PURIMBREAE 55 8¢ 5TCIRSREZAERTE I TURIMBORE (RIY) - BEERZEERT 25T
BRI - 55 2% 57T CORZ R HE 2 JURIMBORE A IAVESS - FAN 2R 2 5P REE(
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FRIRIEHY 25 CIUER HRVIE N > 57T CIRS R 2 S LY IR A S IIrEEEs - Hi? 16 hr GRS
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PR BTN 25°CIRCE KRS HIA M H DUsg i B e B i S LY E MR RS0 - R R By
faE  HREGERENIFRER N - BB IREN S 8 RO IER % - I - JRSEENE
L EYIGURM AR )RS Fod S LYIRRIEE - AT R M B o RACA] DUHIE HA AR
I ARERTLE Y TS BB - B BVRTEE T BB EENE(L - DI RS R BRI
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Effect of Hot Water Treatment on Antioxidant
Capacity of ‘Tainung No. 2’ Papaya (Carica
papaya L.) Fruit Peel'

Ting-Chia Wu?, Chen-Hsuan Wu® and Ching-Chang Shiesh*

ABSTRACT

This research aimed to investigate the change of antioxidant capacity of papaya
peel after hot water treatment and placed under 25°C for 0-24 hr. The chlorophyll
fluorescence (Fv/Fm) value, electrolyte leakage, malondialdehyde (MDA), antioxidant
capacity (ferric reducing antioxidant power, FRAP), antioxidants (ascorbic acid and
total phenolic compounds) concentration, and peroxidase (POD) activity of the fruit
peel were investigated. The chlorophyll fluorescence value decreased after hot water
treatment at 55 or 57°C for 90 sec., but the ascorbic acid content of the fruit peel
increased. However, no significant influence on electrolyte leakage, MDA, FRAP, total
phenolic compounds, and POD activity was found after treatment. During the time after
hot water treatment and place under 25°C for 24 hr, the chlorophyll fluorescence value
and ascorbic acid concentration increased gradually. The POD activity was higher at
16™ hr. under 25°C after hot water treatment. During the time after hot water treatment
and place under 25°C for 24 hr, there were no significant influence on electrolyte
leakage, MDA concentration, FRAP, and total phenolic compounds among treatments.

Key words: chlorophyll fluorescence, ascorbic acid concentration, peroxidase activity

'Contribution No. 0939 from Taichung DARES, COA.

2 Assistant Researcher of Taichung DARES, COA.

3 Assistant Researcher of Taiwan Agricultural Research Institute, COA.

*Associate Professor, Department of Horticulture, National Chung-Hsing University.
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HW =

HEE NSt EREFEEE(Tomato yellow leaf curl Thailand virus, TYLCTHV)
BHUpese Nz Hhlmis - REEHE PR SEESE T 2 — « RSP E D ERE S
HIRTYLCTHV Z G s AE 71> A B & hab i TYLCTHV S8 TAF - A5t o BEH A Tyl
BN Ry B A Ty3 BNAVE I RN T YLCTHVIR - AHIRSEHH R i sta R
B 0% 5 EB oy R Ty 25K 2 F it Z » R S0 28 R 80 3. 74k » HAB MRS %
SR ER RS R 17% BT A tyS 2 Hhlin 2 M HEfE 1 S IR B B s R AR
TYLCTHVHz % F580% 5 [FINFH A Ty2 K Ty3 2 T i s in R A B TYLCTH VIR 2 [ B i
PRI st R i R30% ; [FRF A T2 fetySEN 2 Fiiin & > PR 50
BRI AR BRI R91% 5 FERR A o5 R Ty6 R Z Fhfiih % PR &0
LIORECEREL  WERIREE 7% - BFFRa R s - =2 EETEIPITYLCTHV
BT AERHEETY] ~ Ty2 K Ty3FE N5ty S K Ty6H N > vl e R TYLCTHVIR A
(R MRS 2 RO e 232 T (S B R B 0 S () R TYLCTHVA s EHL(MI)
RE

WA B HURETE - B LSRR -« TR
Bl &
Hi = EHEER T (Tomato yellow leaf curl virus, TYLCV)FTi% 35 2 Z hii e LHEEE )% (Tomato
yellow leaf curl disease, TYLCD) kTR 822 5 B35 fiiZh e At B 2 i s Mo B o Bt R IEq
TYLCD #J#H » 4= REe IR (b R R EERI - BRI NEg R =t - 8P

Rl B SRR ARG - B - R A A L S - S HAMTET » TR
PR E AAEHEED -

TTBI R 2 B g R L T R T # 55094255 -
MBI EZEGETERENRBPENES -
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TYLCV 25338 B R A i 55l Geminiviridae) ~ 32 .45 4V 558 (Begomovirus) Z DNA 75
o HME— (RS RIRIER) S (Bemisia tabaci)® = 1930 FEFADAHIE3H TYLCD 2 1% » 40
S~ FEIN ~ WO N - BN ~ JESE  hiEhELE Rt S s R i HEE TYLCD®” » TYLCV
s DNA Fpyllz ZRMA R [E A ME - HAEEH —(EHERIRIR DNA » GEEARAGHEA:
J7%5 3% (monopartite geminivirus) ; 75278 Wi (& B I IRIR DNA - I 8 5L IR 58 4H 8 4= %5 35 (bipartite
geminivirus) ; < TYLCV TGS 30 FE(E 438 VE > BURH BB SR B2 7 i
S -

BT 1987 s RE—IR TYLCV IEX s - B 2 A3 NEW a1 #4 Fy Tomato leaf curl
Taiwan virus (TLCTWV) » H By BEECOR A AR 553 - 127 2007 £EREHE — tE RS L B4 F)
P &l 5H S (polymerase chain reaction, PCR)AHIZZ Bl 2 h S Al » 45REEEH FhnesE(b
PEIEZR R 3 fE (Tomato yellow leaf curl Thailand virus, TYLCTHV)EL 3 A =& > 15 B{L TLCTWV
g

TYLCTHV {4EERLNRGAHEE L a5 - HUB[EY)E ES DNA A J DNA B » H 87 [m) i3y -
DNA A |5 6 {& open reading frames (ORF) > Hd1 AV1 Fz AV2 B EHFE » AC1~ AC2~ AC3 & AC4
B[ i, DNA B _EHII45 2 {# ORF » BVI BIE[MRE - BCl B #H%%" - ORF AV &g kLS
WMEEAE - K/ 30 kDa  ORF AV2 BB HIMEEAE - 57847 13.3kDa” - AVI J AV2
R Y R OE BASERREER I AFEAE T - e N R E O E NS
B F AN > FEARS B LR 55 DNA ME RSt > B8 - D MR SR I iits
PRIV e SL R B AH A i 1% - AR AR LR B R A e A i i 07

FhPT TYLCD B o] F A5 & g #5f JfE (polymerase chain reaction, PCR)MMEECHTAZEA
TERE S BIFY Solanum pimpinllifolim~ Solanum chilense~ Solanum cheesmaniae~ Solanum peruvianum
Bl Solanum habrochaites S 874 FAirp 28T 2081 TYLCV MR 2 PUm AR - 858 Il ~ 2~ 13
Ty3a ~ Ty4 ~ ty5 F Tp6>® o Zamir % A (1994)3E37 Solanum chilense HiiF 2 LA1969 2 it fH—
(e MR R L 22 /D B (Z A AR R P ] - i — B AR e Ry Tyl - 25—l gan 8L TYLCV
HHRE Z PO - Tyl fiLAES 6 9L tafe F4msE TGO ZMIE » B M EEEHELAR 73 BN EE 3 K&
7 yEun s -CD o Hanson 25 A (2006)&: 5 L), Solanum habrochaites (accession B6013) B AE H 2 #i
i F H24 - EAEGIGUR 2 R R —BAMEEE R » iR ss 11 SRyl B4mat fy TG36 Z A& - Mk
ek Ty 2 "9 ¢ Ji fil Scott (2006)2E37 DL Solanum chilense (accession LA2779) B A& H 2 B
it 0 HAREHIHU 2 BRI Ry — AR R AR 56 6 974088 E4R5% cLEG-31-P-16 F1 T1079 2 i »
WG H sk Ty 312 Agrama Fl Scott (2006)F5H > Solanum chilense (accession LA2779 5 LA1932)
TERPURR AT B BT DURm & - BEYURME DRI EA Tl BERBEAVEE - Ty3 AR PERTEEE
Fe Ty3a BRI & B FTaiae » Ty3a BRI A& B SE AT S P2E 6 e AR = 1 (sp) R EE R TR ()Y AR AL
IEEE A BN & SRAT Ty 3 FEINIEATAE R - Ji 2 A (2008)48 5 LA Solanum chilense FyfFAE Hi 2
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PummER A — RS 3 SR e LoRSR C2_Atdgl7300 81 C2_AtSg60610 Z FEIHIREEITREA -
Wik Ty 4190 Ty3 EPREBHEMRER: TYLCV (&R BERIZ R EE 60% » ] Tv4 ZRfE
1l 16% "o 15 ELPRIAE 2009 454 Solanum peruvianum 4% FH TR ST s & H A HUR &5l Tyking” #%
S > HATRNVE 4 SRfetals o B—RMEHURRA o T-6 RJE S. chilense HiEiHk LA2779
81 LA1938 » EAIFESE 10 Setafs » B—BaMEpumsm® -

BT AARIERE TYLCD 884E 2 SR AT B PURSE - S E(R)E T TYLCD 2
PUmRE S > BURR BB ARE Ty HEAAEEE TYLCV A B/ NE> 7251 « KIFein & gF)
FHSREE Y BEfE TYLCTHYV » DIBRfg2EA R [E Ty BRAHGE TYLCTHV ZHUKRES) > (EAH
& HE(TE AP TYLCTHV SR 2 25 -

MEETE
— - AR

(I R B

RIAFE AT A R EiEs — RSO EE 2 14 [BFFARE I fuRAREE 2 Eib
ft % > IR HUR AR A A  Tanya (E & BHR SAEOFR—) < WA 2015 42 9 A% 12 AjA6E
o — PR o B TAE R RS - MEYIMPRHETERY 3 Ik FIFR E =SB A EE kA
PRAEDEUEADL 10 1 LRFPRERIERNE - 85—k > G —IRZEG00 ) R AKFF]
(35% AR MERG ) - DA A B MEIEALS - #8fE% 1B H > EEEE R HARRREN - s
FRERIE 1% 254 PH-36 487 - #RTEIERI 705 2015429 H 8 HRL 20159 H 25 H -
(Z)SREEW £

RIRFE(HE F 2 SREEV) d(Bemisia tabaci) Ry MR #4022 B-type AEH/NE - EIEEFE AT
55 S W SR T A A o (B A RN S BN AL R 2 iR E R =
(25~26°C)
(E)RFEMR

KR 2 K A i e b P EE R B R 5 fE (Tomato yellow leaf curl Thailand virus,
TYLCTHV)'™? > (i B4R B4l (b 1% > LU TYLCTHV iR it ANT22 RS FIRIE & - 5%
BT PH-36 = -
_ - mEEEsd

DIRETETR 2 4 ~ 3~4 | AREE Y F i ReslBad it o BHERE R EE4H PH-36 =N - &8GR
T aEFE 14 KL > MBI 1,500 %2 252 M a7 (Imidacloprid) » #HEM 2 $REE
Ky E st o REM R MRS 2R EN - EITERR AR - FREE 12 5H > FEE L
o DR AL Ty PUm AR AR Tanya ¥R -
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Table 1. The genetic background information of 15 tomato breeding lines that carry different

combinations of 7y resistant gene

Accession number |Distribution code Internal code Tyl/Ty3 Ty2 s 76 SHP SZ ST Hab
1 AVTO9708 Tanya S S S S PL M G DT
2 AVTO1366 |TMB-488 (TS-1-28-21-5-0) Tyl S S S PL M P SD
3 AVTO0301 CLN2498D S R S S OB M G DT
4 AVTO00922 CLN3024A s! R S S BL M P DT
5 AVTO1226 CLN3205B Ty3 S S S OB M G DT
6 AVTO1288 CLN3552B Ty3 S S S OB M P DT
7 AVTO1314 CLN3212C S S R S GL ML G SD
8 AVTO1122 CLN3150A-5 S R R S PL-BL M G DT
9 AVTO1306 CLN3451D 3a S S S DGL M P DT
10 AVTO1130 CLN3126A-7 3a R S S PL M G DT
11 AVTO1010 CLN3070J Ty3 R S S PL M G DT
12 AVTO1219 CLN3241H-27 Ty3 R S S BL MS-M G SD
13 AVTO1005 CLN3125P Ty3 R S S OB-R G SD
14 AVTO1346 F9-159 S S R R Pl Sm G SD
15 V1059341 FLA456-4 S S R R R MS P SD

R, S = homozygous for resistance or susceptibility, respectively.
'CLN3024 is suspected of carrying a minor Ty gene near the Ty1/Ty3 locus
SHP represents fruit shape: OB=oblong; PL=plum; BL=blocky; R=round
SZ represents fruit size; M, ML, MS are medium, medium large and medium small respectively
ST represents stem color. G=green hypocotyl color due to ak gene (anthocyaninless of Hoffman) which is linked
with the 7m2a gene for resistance to Tomato mosaic virus.
Hab represents plant habit. DT=determinate; SD=semi-determinate

= -HAEFNIEE
(—REERE

TR PRI 35 Z A R R 7~ 14~ 21 Je 28 K> SETEMOREER AR - HEEREELL

SERTETE 1~6 (X% | RyEREAVEERR : 2 R REEEMGR(E © 3 R/ NEHIRERAE - EGIEHIEH
4 FyBER RHTEI (LM ~ /NEEE/N 5 5 RERRIMERE - TEMEERE 6 RefF I AER -
()i # DNA {5

1.

755 DNA ZZH © A 1.5 mL 8008 - BESENARRZH—R 5 » BEEE H (A1849 0.9
em)UEAEAR - ZEEEF A 500 pL Dellaporta (100 mM Tris base, pH 8.0 ~ 8.5 mM Ethylene
Diamine Tetraacetic Acid EDTA ~ 500 mM NaCl ~ 10 mM 2-mercaptoethanol) > L Kontes 7\ 5]
HH i 2 T BRI A (i R 1 A 33 uL 2 20% sodium dodecyl sulfate (SDS)EZ R &1% o
B ANNERES > DL 65°C izt 10 478824% > FEhI A 160 pL 5 M Potassium acetate (KAC)E
BB LM - DL 13,500 g @0 10 7388 R EEIRE AHEE OE | FRETTES ZRERL
& HL 500 uL FIER » B AGHTAVEECE o LA 250 pL isopropanol ZE2%1% » F#fECy 10 S
Z &/ isopropanol {E]H > FFIIA 500 pL 80% ethanol » Bf/(s 5 47§#1% » 1% ethanol 3]
o RO NEZER 1 /N » (i ethanol 58 43¢ - HZRRIZIIA 500 pL 2 ddH,0 - W E2-20
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C kRO -

2. B &l SE R FE (polymerase chain reaction, PCR): H{ 5 uL -2 DNA £ 54 A 2.5 uL 10x PCR
reaction buffer (Invitrogen) ~ 1.25 pL. 50 mM MgCl, (Invitrogen) ~ 2 uL 10 mM dNTP ~ 13.15 pL
ddH,O &1 Taq DNA polymerase (5 U/uL, Invitrogen) * DL primer PAL1v1978 (10 uM)Ed
PAR1c715 (10 uM)£% 0.5 uL - FlJF pMDI18-T Vector (Takara, Dalian, China)#:{T PCR ZJE -
PCR 3%%E 30 cycles» 1L 94 C ik 1 538 > DL 5SS CHEEE 2 4388 > LA 72°C i extention
2 gy -

3. ¥k LS pL PCR M8 1 uL loading buffer JE & » B 1.2 %EEE A E - DL 100 (REFE
ERMETTRRR-F/INRY - 2B R EFY 0.5 pg/mL EtBr 208 20~30 53 » fLli R 312 nm
ZEHNE M R IEAH - TYLCV 2 DNA A/N&R 1.5Kb »

= BETDOM
Gt B DL/ N 75 B (least significant difference, LSD)ELE A8 - R B Bk L AE A 22 5%
KAER - BMURE AR AR -

R

AW F| e g e 8 i v LR B A R [ T BRAE &S 2 30 B fdin £ 14 (8 R0
EEALARTA TYLCTHV 2 $REEH i » WG E B TYLCTHV 12 S HHH& i 2 R ~ 2850
FARERRFT TYLCTHY A - DIRIEARE T BRAEGET TYLCTHV ZHiREES] « 455880
RWEEA Ty FR > 1 5RE M EE TYLCTHV 455 7 RIEMIHE#ENE 2 4 > BEE S A &
fhZa 0 T 3 SREAERA [ 2 BR > JRHIRESGARECE 1.1 4 > HER S A SRR
([Bl—) - FAaHEE TYLCTHV 1255 14 K - (E R RO EIR4HRY 1 SR BRI BRI 4 4 - #3
SIRETE B S BT T FEE 2 98 A0 RERURED WEES R 1.7 4 FREEEEN 1
SRk 3 SRE D 0 EE S SRR ANIEEE AR 0 H HREEREEESNEE 1 @Enm S BET
Ty2 ERY 3 98 & A0 E0E 3 4% - FREEERI 1 553800 - REEE SEE s RN Herm & BEh
Ty3 B 5 5EEAGINEIA 1.8 AT Her&in R F i S i EER (8 =) - ##f# TYLCTHV
%56 21 X > HIRAHAY 1 SREFOEMIREERIREE 5 4 BESNAENL A » BEHA B2 &
PRI 3 SR AR B EAERIE 3 41 FREIERR 1 5530 o Eie e B s N H e FH i
Zos MHEERS i R B R R T =) - #EER S 28 K - 1 SR nfEMOREIE =Y 6 4 B S
RFrEE e Z AR T2 BN 3 SREITRERES 2 3.7 4 - FRETEED 1 55800 - HomiEiE
[ B B = N I R B 2 HaR & AR (B » 38 & s o Afrifd TYLCTHV 1% 2 AERRSHREL R K
R E RS - SGREUR N EMPURERD 1 S5EEMERERRE 100% » EFrAHEEIR
Bl TYLCTHV Z{F4E - B A Dl K Ty3 BRI 2 5% K 6 5Rd etk 2 3 pa Ry 0 HRr
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AERE AR TYLCTHV | 2355 — Bl A T3 BINZ 5 9tdkn - EAERERE R 30% @ /5
TR 80% @ BB Tv2 £ 4 SEEIIEMRERR R 0% » HEREER 9% > A5 —8
WA T2 BN 3 SRE AR R SR R A S & 17% - BB H Tv3a BN 9 5t
TEPRERAR By 0% - MR LR Ty 67% - BUETTA 15 BENEY 7 SREITEMREER R R 0% > iR
R Ey 80% o [FIFA Tv2 K T3 ZRAHY 11~ 12 ] 13 R % HEREHRE R 0% MHE
fR R R Ry 30% - FNHA T2 K Iv3a ZAHY 10 9E8h0 - EAEPRSHRRR 0%  jFata iz
20% - FIRFA D2 R ty5 BRHY 8 idin > TEAREHRRR 0% W R R 91% - [N A o5
Ko Ty6 FEIRIEY 14 F 15 S i & > FHIRIHRRE B 0% - MR staHREER 17% (kD) -

S W
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Disease severity index
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Fig. 1. The disease severity index in 15 tomato lines after inoculation with Tomato yellow leave curl
Thailand virus (TYLCTHV) for 7 days
*denotes significant difference at p < 0.05 among lines by Fisher’s protected least significant
difference (LSD) test. Bar indicates standard error (SE).
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Fig. 2. The disease severity index in 15 tomato lines after inoculation with Tomato yellow leave curl
Thailand virus (TYLCTHV) for 14 days
* ok #%% denotes difference significant at p < 0.05, P< 0.01 and P<0.001 among lines by Fisher’s
protected least significant difference (LSD) test, respectively. Bar indicates standard error (SE).
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Fig. 3. The disease severity index of 15 tomato lines after inoculation with Tomato yellow leave curl
Thailand virus (TYLCTHV) for 21 days
* ** denotes difference significant at p < 0.05 and P< 0.01 among lines by Fisher’s protected least
significant difference (LSD) test, respectively. Bar indicates standard error (SE).
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K3k

Disease severity index

M EERRERRERRERRN
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Accession Number
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Fig. 4. The disease severity index in 15 tomato lines after inoculation with Tomato yellow leave curl
Thailand virus (TYLCTHV) for 28 days
* *#* denotes difference significant at p < 0.05 and P< 0.01 among lines by Fisher’s protected least
significant difference (LSD) test, respectively. Bar indicates standard error (SE).

T &

FhPRE Ty JURAERGEG & TYLCV A HUNME ” #2 5 283 ininfE () ¥ 7 TYLCD Z 1
RIS o YT TYLCTHV B TYLTWYV o fi fy BEL S0 SR s At 4528 TYLCD 2 F38
AR/ IVE - FFL IR ETY TYLTWV BPuUst 2 FhianfE » dTEARINE LS TYLCD ZHUHEE
(2o RELARF B REI TR E Ty BRRHEASEN TYLCTHV Fuk 252 » (E B
TYLCTHV Hf&ERf 2275 -

ABHFe L BT A 1 (E Ty EENFE AR TYLCTHY Z 5w a1 DLER 3 BT A Tyl
= Ty3 & 0 % TYLCTHV AR SRR IR FER TR - BRSEE Im AN ER &I
H B A TR B0 Bl 2B B TYLCTYV 1255 14 K > AEIZTERE - RS Bid%
55 28 RABMEHEA (@EE ORISR - BRREEAMTCIEY - Tvl K Ty3 RRBEAER » WEERE
—{{E{458 RNA 2 RNA Z&1i#(RNA-dependent RNA polymerase) > H FiHfi HIELfXHE RNA 2 RNA
GERTEEY R AN #1% T3 DNA FE(L - DUIHRDR e (EH - MR A R
OO ERSY BB Ty3 B EhfidhE > HEREER S AN 2 4R 0 ARHERRERR

a1}
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Tt R S P o A Tyl 3% Ty2 ZEINZ &kt - AHRAZEa - AHER: Tl K Ty2
B — RV HUREA » Ty3 AR R 5 2B PUmAR » HPuRFE BRI IIEEeR” - BEsse
Ty3a 2 ty5 BN Z & hntatk - Hh12fE TYLCTHV 12 S5 - PR B IERERIE - 28EH 60%LL |
ZHEPRAR P e - SCTHER] > TYLCTHV Bt T A8 — Ty3a B¢ o5 PURAR 2 &btk - BIE
TEPRIEREEER - T AR T E YRR B -

T ANE Ty AR & HIE s F s LA R R ER R 2 UR D

Table 2. Disease resistant ability to fomato yellow leaf curl Thailand virus (TYLCTHV) after inoculation

in tomato lines with different 73 gene combinations

Accession Ty gene Days After Inoculation (DAI) Disease plants PCR+
number 7 14 21 28 (%) (%)
1 S 2.0 4.0 5.0 6.0 100 100
2 Tyl 1.0 1.7 1.0 1.0 0 0
3 Ty2 1.1 3.0 3.0 3.7 17 17
4 Ty2 1.0 1.0 1.0 1.0 0 9
5 Ty3 1.0 1.8 1.0 1.0 30 80
6 Ty3 1.0 1.0 1.0 1.0 0 0
7 S5 1.0 1.0 1.0 1.0 0 80
8 Ty2+y5 1.0 1.0 1.0 1.0 0 91
9 Ty3a 1.0 1.0 1.0 1.0 0 67
10 Ty2+Ty3a 1.0 1.0 1.0 1.0 0 20
11 Ty2+Ty3 1.0 1.0 1.0 1.0 0 33
12 Ty2+Ty3 1.0 1.0 1.0 1.0 0 100
13 Ty2+Ty3 1.0 1.0 1.0 1.0 0 30
14 ty5+Ty6 1.0 1.0 1.0 1.0 0 25
15 ty5+Ty6 1.0 1.0 1.0 1.0 0 17

FF ARV B FAE T E I 7R a8 - MM SRS B A R 2~3 (EhumAR - [
[ETEYERSEDZ HBOR 2 HURAE T - B lEIh A 2 R S ETURER - Bt iim sk
FEPIT » AL G REEURFE(Bean common mosaic virus, BOMV) K B HEENRBERR 32 (Pepper
veinal mottle virus, PVMV)>17 o

KRR REITTA T2 K Ty3 BRZ &iiin % > JRREE TYLCTHV & & 15 8] B iR -
TR FE R LR /1Y 30~100%  Prasanna 2 A (2015)7R38 % - Ty3 FENEFET 2% BAL N AGAH AR5
ARG AH A i 5 e R BUVH E S HIPURAE /T MRS E B EE AR B Ty2 BRI T HEAR - & A]
s LY TYLCV 2 Hige 11 « EHEHA Tv2 K Ty3a BRI HERE TYLCTHV & 15
BRI - DR SR RN BB A Ty3a BAER > Mejia Z2 A (2007)f5H! - [FIHHEE:
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Ty2 B Ty3a FEDRURHEME BRET T SR DB S A s e A T DU 0 - EIRFR Tv2 R 5
ELRAYREAG - BERS PRI S5 B S (BRI - AAM AR SRR R 91% » BN A
Ty2 B¢ ty5 it o MERA tv3 K Ty6 BEREYEHT P TYLCTHV 12 25 I SE PR B i Bk
o HIEMRR SR RIS KR 30% - o5 R BRMETURER > & o5 #HEBHE Ty FRE - w]{#
FEHIEH TYLCV A8 2 Fupse 111" > Scott F1 Hutton (2015)JREEET - [FIRHHEM 15 F Ty6 FKN
BT E S TYLCD 2 Himae 1 > BUARRFZEAS AR «

FHEY TYLCTHV ZHumAE ) £ 5 alfEREm sk ZAEMRR EERIR ~ 8RR KRR TR 5
TAAEBI R TS - FARTFRSER TSR BB A Tyl BN BB A Ty3 BN Z HEhidh &
FApEfdE TYLCTHV 1% - fEPRSERR A ERERE R 0% - Mo BEHna D2 EAREREE
TYLCTHV &Z ] - MR KR EEEN A 2 & T3 BERAENS "4 T3
ERAINA AT EEATEIRAE B TYLCTHV & ZIFEFRIERE SRR - FRHRH T2 & Iy3
NN - PR TYLCTHV RIEREFRIR - AR HRERTH 30~100% > REEAIR
AR Tyl ~ Ty2 ke Ty3 FEAFE AT [EJiFE (3 hi gl TYLCTHV & Z AR R Bt K -
WFEEE SR TREDT - [EF A tv5 Je Ty6 FERAVE A - NMEERE TYLCTHV 12 RSB R R
Hif R s RN R 30% - RILEE#ETH T TYLCTHV B - 0mahn T FikE
Hede Tyl ~ Ty2 K& Ty3 BN > SREIRSER o5 R Ty6 KA > fER](EEAERE: TYLCTHV R A KK
IR ORI R - A H 2 FhH B ()% HY TYLCTHV i D) se
MEHEF T RE DU B s > FESCIS AN [E] Ty ZEINH & Z RSN » DURA[E] Ty FE N B i & IH
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Study on the Disease Resistant Ability to Tomato

Yellow Leaf Curl Thailand Virus (TYLCTHYV) in

Tomato Lines with Different Combinations of 7y
Genes'

Yu-Heng Lin® and Jui-Shin Chang®

ABSTRACT

Breeding tomato varieties (lines) resistant to tomato yellow leaf curl Thailand virus (TYLCTHV) is
one of the important strategies for disease resistance breeding of tomato in Taiwan. Understanding the
disease resistant ability to TYLCTHV among different combinations of 7y genes in tomato will be helpful
for TYLCTHYV resistance breeding. In this study, the disease incidence and virus detected rate of the
tomato breeding line with single 73/ gene and part breeding lines with single 733 were showed both 0%
at 28 days after inoculating with TYLCTHV. Some of the tomato breeding lines with single 792 gene
showed 3.7 of severity index on 28 days after inoculation with the plant disease incidence and virus
detected rate both 17%. The breeding line with single #y5 gene showed no disease symptoms in each stage
after inoculation, the detection rate of TYLCTHYV in the plants was 80%. The tomato breeding lines with
the 732 and 7y3 gene combination showed no disease symptoms in all stages after inoculation with
TYLCTHYV, and the lowest virus detection rate was 30%. The tomato line with the 792 and #y5 gene
combination showed no disease symptoms in all stages after inoculation, but the virus detection rate was
91%. The tomato lines with the #y5 and 7y6 gene combination all showed no disease symptoms in all
stages after inoculation, and the lowest virus detection rate was 17%. The results showed the best
TYLCTHYV resistance ability of tomato varieties (lines) can be obtained by pyramiding with 7y, 792 and
Ty3 genes, or pyramiding with 75 and 736 genes in tomato TYLCTHYV resistance breeding procedure in

Taiwan.

Key words: tomato, disease resistance breeding, tomato yellow leaf curl Thailand virus (TYLCTHYV), Ty

gene

'Contribution No. 0942 from Taichung DARES, COA.
?Assistant Researcher of Taichung DARES, COA.
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Fig. 1. Schematic drawings of texturometer 2 bites curves of rice
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Table 1. Milling quality of tested domestic rice varieties

Variety Brown rice (%) Milled rice (%) Head rice (%)
TK9 82.8" 72.8¢ 63.8"
TNI11 83.0" 74.1° 65.6"
TK14 82.9® 72.9% 60.0°
TK16 83.0" 73.8" 64.2°
TNG71 82.7° 72.2¢ 65.0°
KS145 83.3° 75.9° 71.7°

Means with the same letter in a column are not significantly different by Duncan’s multiple range test at 5% level.
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Table 2. Appearance of tested domestic rice varieties

Variety Translucency White center White belly White back
TK9 4.0* 0.00° 0.27° 0.97*
TN11 3.5 0.25° 0.00° 0.60°
TK14 4.0* 0.00° 0.52° 0.43¢
TK16 4.0° 0.39" 0.15¢ 0.77°
TNG71 3.5° 0.00° 0.00° 0.00°
KS145 3.5 0.00° 0.00° 0.00°

Means with the same letter in a column are not significantly different by Duncan’s multiple range test at 5% level.

(=)HE AR

IR 2 BT 15.8~17.7% DLE BTt Rim  HXIKF BEM 115 - 2/ 1458 -
14557 ~ EFE99% > MM EM 6 R  HEOBE &E /1 115.66~6.71% » LIGRETIFE
B mELASSRR . KW EERESE - 1155 - A 1455 > ML 1658k 5 B
RIEVELI S 1455 R & BB TIF R EM 15X 2 > GfE95E - & 145F & 578 165K
B R A Bl A 7K fn e 2 R RS bl [ s i B RS (R =) -
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Table 3. Physiochemical traits of tested domestic rice varieties

Variety Amylose content (%) Protein content (%) Gel consistency (mm)
TK9 16.3¢ 6.05¢ 90S¢"
TN11 17.7° 5.96° 96S°
TK14 17.4° 5.96° 90S¢
TK16 15.8° 5.66" 918°
TNG71 20.4° 6.71° 96S°
KS145 17.4° 6.44° 98S*

*Gel consistency type S: soft
Means with the same letter in a column are not significantly different by Duncan’s multiple range test at 5% level.
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Table 4. Texture properties of cooked rice of domestic and imported rice varieties

Group Variety Toughness Hardness ~ Adhesiveness Balance
TNI11 55.8%4 71.9° 58.5% 0.82%
TK14 59.7° 66.7" 63.7° 0.97™
TK16 51.0%f 57.0° 544" 0.96™

Domestic bed q q bed
TNG71 56.4 47.0 44.6 0.96
KS145 473" 46.1¢ 54.3% 1.19°
TK9 53.3¢e 52.8% 62.2° 1.18°
Sushi rice (USA) 56.7° 67.1% 50.3% 0.77%
Hom Mali (Thailand) 69.0° 71.8° 49.7% 0.69°
Koshihikari (Niigata) 47.8°F 46.4° 51.6° 1.15°

Imported ] ) b
Oboro-zuki (Hokkaido) 40.3% 36.0° 52.9% 1.52%
Koshihikari (Fukui) 46.41 58.8™ 55.5% 0.95"
Japonica (Vietnam) 50.9%f 57.2° 53.8™ 0.94"

Value shown as Texturometer unit.
Values within the column followed by the same letters are not significantly different at 5% level.
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Table 5. Texture properties of cooled 18°C rice of domestic and imported rice varieties

Group Variety Toughness Hardness Adhesiveness Balance
TN11 78.1° 84.4° 58.6° 0.70%
TK14 64.2° 63.2 58.5° 0.94°

. TK16 68.6" 69.2" 58.6° 0.84

Domestic ab ab od d
TNG71 71.7 79.0 46.5 0.59
KS145 67.3% 63.9% 53.4°%¢ 0.85™
TK9 62.3% 61.5% 57.6" 0.95°
Sushi rice (USA) 62.7° 67.8% 44.9¢ 0.67%
Hom Mali (Thailand) 68.9™ 68.2"¢ 46.3% 0.68%
Koshihikari (Niigata) 60.4 57.4 472 0.84"

Imported . . e e bed a
Oboro-zuki (Hokkaido) 46.2 42.5 48.5 1.21
Koshihikari (Fukui) 62.6% 64.6% 54.6™ 0.85™
Japonica (Vietnam) 59.4¢ 69.7 51.9%4 0.76>

Value shown as Texturometer unit.
Values within the column followed by the same letters are not significantly different at 5% level.
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GEtbmsl BN SEEER Y 18CAREHFHNFER » BMNSHMAE 18T
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BEFEA TS 61.5~84.4 ~ Sk 27 #E LK SHIE A Y 42.5~69.7 + BIA 2t infE 18 C A8 2 &k
oI 46.5~58.6 ~ SE 7 MRS HIEN R 44.9~54.6 5 BN S 558 18°C 480> 19 1
A 0.59~0.95 ~ 25 2 LR SIES Y 0.67~1.21 - 18C AR HIELER 11 9ifs @ EE
SNEEE K - 6 16 5% - BFF 14 5% - S 145 5% - EEEEPK - Bk - A1 9
9%~ FUBMOLK REETECK - HESE 71 SimAEEER > MILEESBEE A REER
&5 1I8CARIRZEELIER 11 3tk s » EESPEEECR - 6/ 16 98 - REIE K - 1@
FER - S 145 9% - A 14 98 - &1 9 9% - FURBOLR R ERZEDK - HESE 71 5%
EEER > MIILEESEE A RBEE R 18CAHRZMEZEMELEM 16 5% - & FF 11
% B 145G 9 S E > BESNIREOEK - 88 71 58 - BEE K RERFH
K HEEHMOLK S 145 98 R ORI 2R 18C AR I ELILEE S
BEA RS EREBEEOWRNEH 145 BEESNEE 115 - FEE LK - ZHEH
RERER T 9% HEM 9 5EREME 14 SEBLSHHE 145 9% - EHEEK - 6/ 16 98 - 308
HOEOR R M R R = R -
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Table 6. Texture differences of cooked and cooled rice among tested domestic varieties

Treatment Toughness Hardness Adhesiveness Balance
Cooked rice 53.9° 56.9° 56.3* 1L.o1*
Cooled rice (18C) 68.7° 70.2° 55.5° 0.81°

Value shown as Texturometer unit.
Values within the column followed with the same letters are not significantly different by Fisher’s protected LSD at
5% level.

(DHEOEK

FIF &SI ES BE 6 sk B R AR - B - M et
FEAER » BURSHUER 2RISR B DL 18°C 48R HE AR A S A BB R FEA + JRE
P2 PR B P o P U 2 BAER 2 R SRIT R BIE (R D) -

Rt SR ZEIDRSBORECZ E R ML EE

Table 7. Texture differences of cooked and cooled rice among tested imported varieties

Treatment Toughness Hardness Adhesiveness Balance
Cooked rice 51.8 56.2° 52.3* 1.o1*
Cooled rice (18C) 60.0° 61.7° 48.9° 0.84°

Value shown as Texturometer unit.
Values within the column followed with the same letters are not significantly different by Fisher’s protected LSD at
5% level.

(=)EI NSt SR & EE R

EEde2 3 2 B 25 i flR B LR AR AR PR B LA R ANTR )/ SRECZ B 2 AR K
ZEIERII(NER 11 9% - BFf 16 5% ~ G/ 71 5% - S 145 5% - 57 9 9% - FURHOLK - 18H
HOLK REERER) - MER 14 9%« REEEPR - REE R RAUBESBEHRZEE - 72
AR RS R | ORIZ N A AR IRTTHIA G 11 9 B 165t GR 7155
IfE 145 5% ~ SFF 9 9% ~ FURBBOCR KRR - METE 14 5t « BEFFPK - ZEEOK -~ JbEE
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Table 8. The differences of texture properties of cooked and cooled rice among the tested varieties

Variety Treatment Toughness Hardness Adhesiveness  Balance
TN11 Cooked rice 55.8 71.9 58.5 0.82%*
Cooled rice (18°C) 78.1%* 84.4* 58.6 0.70
TK 14 Cooked rice 59.7 66.7 63.7 0.97
Cooled rice (18°C) 64.2 63.2 58.5 0.94
TK16 Cooked rice 51.0 57.0 54.4 0.96*
Cooled rice (18°C) 68.6%* 69.2%%* 58.6 0.84
Cooked rice 56.4 47.0 44.6 0.96**
TNG71 . ;
Cooled rice (18°C) 71.7* 79.0%* 46.5 0.89
KS145 Cooked rice 47.3 46.1 54.3 1.19%*
Cooled rice (18C) 67.3%% 63.9%* 53.4 0.85
TK9 Cooked rice 53.3 52.8 62.6 1.18*
Cooled rice (18°C) 63.3% 61.5% 57.6 0.95
Sushi rice (USA) Cook.ed riceo 56.7 67.1 50.3 0.77
Cooled rice (18°C) 62.7 67.8 44.9 0.67
. . Cooked rice 69.0 71.8 49.7 0.69
Hom Mali (Thailand) . .
Cooled rice (18°C) 68.9 68.2 46.3 0.68
Koshihikari (Niigata) Cooked rice 47.8 46.4 51.6 1.15
Cooled rice (18°C) 60.4%* 57.4%%* 47.2 0.84
. . Cooked rice 40.3 36.0 52.9 1.52
Oboro-zuki (Hokkaido) '\ i ice (18°C) 46.2 425 48.5 121
Koshihikari (Fukui) Cookfed riceo 46.4 58.8 55.5 0.95
Cooled rice (18C) 62.6%* 64.6 54.6 0.85
Japonica (Vietnam) Cooked rice 50.9 57.2 53.8 0.94*
Cooled rice (18°C) 59.4* 69.7* 51.9 0.76

Value shown as Texturometer unit.
* ** Significant at 0.05 and 0.01probability levels by t-test, respectively.

A - BIRSMEKR Z B ER B RE A
BN 2l il B R ana P45 R BUS - SRBUMBIE SR 71 98N EIE > Sk 145 5% - &M
1o 5%~ 6ff 14 5% - G/ 11 ARG 9 REFERBR: FRUERMMESRE 71 SHER B

ik
=+
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Table 9. The panel test of cooked rice of tested domestic and imported varieties

. . Overall sensor
Variety Appearance Aroma Flavor Cohesion Hardness Y

evaluation
TNG71 -0.900C 1.125A -0.900C -1.000C 0.900A -1.000C
KS145 -0.100B -0.800C -0.100B -0.300B 0.600A -0.300B
TK16 -0.125B -0.600C 0 B -0.375C 0 B -0.125B
TK14 0.250B -0.625C 0 B -0.750C 0.875A -0.125B
TN11 -0.111B -0.222B -0.333C -0.444C 0.444A -0.333B
TK9 -0.125B -0.750C 0 B -0.250B -0.125B -0.375B
Sushi rice
-0.667C -0.778C -1.000C -1.000C 1.000A -1.000C
(USA)
Hom Mali
] -0.364B 0.364B -0.727C -1.000C 0.818A -0.727C
(Thailand)
Koshihikari
B -0.444B -0.667C -0.667C -0.556C 0.667A -0.778C
(Niigata)
Oboro-zuki
) 0.100B -0.100B 0 B 0.200B -0.300B 0 B
(Hokkaido)
Koshihikari
) -0.400B -1.100C -0.100B -0.400B 0.700A -0.800C
(Fukui)
Japonica
] 0.200B -0.600C -0.600C -0.300B 0.600A -0.600C
(Vietnam)

A better than the control (for hardness, A means the rice tastes harder), B: the same as the control, C: poorer
than the control.
CK: TKO cultivated in southern Changhua County, cooked rice.
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Table 10. The panel test of 18°C cooled rice of tested domestic varieties

Variety Appearance  Aroma Flavor Cohesion ~ Hardness Overall sensory

evaluation
TNG71 -1.000C 1.000A -0.800C -1.000C 1.000A -0.889C
KS145 20.500C  -0.300B -0.300B -0.400B 1.000A -0.500C
TK16 0 B -0.300B 0 B -0.111B 0.333B 0.111B
TK 14 0.500A 0.111B -0.125B -0.500C 0.875A -0.125B
TNI11 -0.100B 0 B -0.300C -0.200B 0.800A -0.300B
TK9 0.125B -0.625C 0 B 0 B 0 B -0.125B
Sushi rice
(USA) -0.889C 0.111B -1.000C 10.667C 1.000A -1.000C
Fom Mali 20.273B 1.000A -0.364B 0.727C 0.636A -0.636C
(Thailand)
Koshihikari = ) 155 0 B -0.750C 0.875C 0.625A 0.875C
(Niigata)
Oboro-zuki
(Hokkaido) ~ ~0-300B -0.100B 0 B 0.300B 0.400A 20.200B
Koshihikari = ) 505 -0.100B 0.100B -0.300B 0.900A -0.200B
(Fukui)
Japonica 0 B -0.400C -0.400C -0.400B 0.600A -0.500C
(Vietnam)

A better than the control (for hardness, A means the rice tastes harder), B: the same as the control, C:
poorer than the control.
CK: TK9 cultivated in southern Changhua County, 18°C cooled rice.
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Comparisons on the Eating Quality of Cooked
and Cooled Rice among Taiwanese Domestic and
Imported Varieties'

Po-Jung Wang,” Jia-Ling Yang” and Mei-Chu Hong’

ABSTRACT

In this study, we used 6 domestic varieties including TK9, TN11, TK14, TK16, TNG71 and
KS145, and 6 rice products imported from U.S.A., Thailand, Vietnam and Japan, bought from local
markets as our samples, to evaluate their rice quality. The eating quality of cooked and cooled rice
were evaluated by texture profile analysis (TPA) and sensory evaluation. Comparing the texture
differences of 18°C rice between tested varieties, including toughness, hardness, adhesiveness and
balance between TK14 and TK9 were not significantly different from Koshihikari (Fukui).
Moreover, the adhesiveness of TK14 and TK9 were significantly higher than that of Koshihikari
(Niigata), showing the 2 domestic varieties have potential for cooled rice consumption. For
sensory evaluation, the overall appraisals of the domestic rice varieties were equal to the control
except for TNG71. On the contrary, overall appraisals of the imported rice products were worse
than the control except for Oboro-zuki (Hokkaido). When sensory evaluation took place after rice
samples were cooled to 18°C, it showed that except for TNG71 and KS145, overall appraisals of
the other domestic varieties were all equal to the control. On the contrary, overall appraisals of the
imported varieties and their 18°C rice were all worse than the control except for Oboro-zuki
(Hokkaido) and Koshihikari (Fukui). The results indicated that eating quality of domestic rice
varieties are better in general, however, their hardness gained more thus leading to greater loss of
balance. This result showed the domestic rice varieties were competitive, but their starch
retrogradation features should be improved.

Key words: 18°C cooled rice, japonica rice, palatability, texture analysis

'Contribution No. 0926 from Taichung DARES, COA.
*Assistant Researcher, Associate Researcher and chief of crop improvement section, Researcher and
Deputy Director of Taichung DARES, COA.
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Table 1. Mechanical material properties

Mechanical material properties Coefficient

Elastic modulus, E 200 GPa

Density, p 7,870 kg/m®

Poisson's ratio, v 0.29

Tensile yield strength 203 MPa

Tensile strength 356 MPa
TR A

o R ERARTEEEZETERERT A NS B ENE = EM B ITIEE® » %5
it 2 B EE (AR A 20 164F 10 H AR BRI T B e R ¥ & B & 5 R O LER M Rl AR 755 3] » &8 s am 4 Y
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Fig. 1. UP-600 Structure size of the Taiwan arch greenhouses
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Table 2. Specifications of the 6 greenhouse structure models

. Structure specifications Pipe specifications
Six structures  Span i _ . .
model (m) Distance of Distance of Diameter Thickness
tube (m) strengthen structure (m) (mm) (mm)
Model 1 6 0.5 2 26.2 1.6
Model 2 6 0.5 2 31.8 1.8
Model 3 6 1 2 26.2 1.6
Model 4 6 1 2 31.8 1.8
Model 5 6 1 4 26.2 1.6
Model 6 6 1 4 31.8 1.8
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Table 3. The maximum stress, deformation and steel amount of the 6 structure models

6 structures model

. Diameter, Maximum Maximum Increase
span, distance of tube, . . .
. thickness, stress, deformationmm, weight,
distance of strengthen
mm MPa mm kg
structure, m
Model 1 6-0.5-2 26.2-1.6 268 62 691
Model 2 6-0.5-2 31.8-1.8 168 34 854
Model 3 6-1-2 26.2-1.6 512 111 478
Model 4 6-1-2 31.8-1.8 321 63 562
Model 5 6-1-4 26.2-1.6 557 124 442
Model 6 6-1-4 31.8-1.8 358 70 526
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Study on the Improvement of Wind Resistance
Capacity in the Plastic Greenhouse Structure in
Taiwan'

Chin-Yuan Chang’ and Yun-Sheng Tien®

ABSTRACT

Typhoons named SOUDELOR, NEPARTAK and MEGI invaded Taiwan successively
and caused damage to the agricultural greenhouse. Due to the diversification of Taiwan
agricultural plastic greenhouse and construction methods, it was necessary to conduct
theoretical discussions and analysis for the wind resistance and deformation of greenhouse
structures. The research uses the finite element analysis software for structural analysis,
according to the announced by Agriculture and Food Agency specification of the plastic
greenhouse, SOLIDWORKS and SIMULATION software were used for structure analysis, the
line architecture is used to establish greenhouse truss analysis module, and establish a
circular arch type greenhouse structure. The adoption of analytical methods can accelerate
the speed of simulation analysis. According to the results, the UP-600 type greenhouse has
width of 6 m, tube diameter of 26.2 mm, thickness of 1.6 mm, maximum deformation of
62 mm, and tube strength of 268 MPa. The structural strength of the plastic greenhouse
increases 11.4%, and the stress of the main tube reduce 25.1%, which can reduce the risk

of damage to the tube and plastic compared with convention at design.

Key words: greenhouse, structures, typhoons, finite element method

! Contribution No. 0941 from Taichung DARES, COA.
2 Assistant Engineer, Associate Engineer of Taichung DARES, COA.
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Fig. 1. The schematic diagram of the self-propelled fertilizer applicator
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Fig. 2. The diagram of adjustment control about working speed
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Fig. 3. The diagram of fertilization direction with three-way exit
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Table 1. Specification of the self-propelled fertilizer applicator

Items Specification
Power unit 52 c.c., 2-stroke gasoline engine
Wheel drive Front wheel driving
Gross weights 68 kg
Dimension (LxWxH) 1,100x750%1,100 mm
Wheel base 610 mm
Tread 360~420 mm (rear wheel, adjustable)
Volume of fertilizer tank 80L
Load of fertilizer tank 55~100 kg (depending on species, moisture content of fertilizer)

Operating width 2.5 m (single side)
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Table 3. The results of ground speed testing by various loadings

Loadings type ForwardOperating wpeet (m/sg:a?ckward
Non-load 0.69 0.30
Fertilizer A (loading 100 kg) 0.57 0.25
Fertilizer B (loading 55 kg) 0.64 0.29
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Table 4. The results of fertilization testing by various openings of two-way gate

Fertilizer application (kg/sec, kg/m)

Fertilizer Opening of adjuster / adjustable gate
15 mm (Narrow) 45 mm (Medium) 70 mm (Wide)
A 1.11 1.68 2.51 3.59 3.86 6.76
B 0.59 0.91 1.85 2.89 2.91 4.55
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Development of the Self-Propelled Fertilizer
Applicator’

Yun-Sheng Tien” and Chin-Yuan Chang’

ABSTRACT

The study was to design and fabricate a self-propelled fertilizer applicator for the
walks under the canopy and around a tree. This machine was equipped with the
three-wheel, single cylinder gasoline engine-driven, hand hilt control system, front wheels
to drive, and the back two wheels to support, with varied speed function. Fertilizer tank
with 80 L capacity was placed above the machine and centrifugal rotating disc fertilization
and the gates was used to control the amount of fertilizer. The direction of the fertilizer
application can be selected on one side, two sides or three sides according to the demand.
The application operated with a continuous and uniform fertilization effect. The operating
rate is 1.26 ha/hr, about 2 times faster than manual. The developed machine is suitable for
small area of the orchards and can reduce labor loads and achieve the labor-saving

objection.

Key words: fertilizer applicator, self-propelled type, centrifugal rotating disc,
orchard

'Contribution No. 0943 from Taichung DARES, COA.
?Associate Engineer and Assistant Engineer of Taichung DARES, COA.
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Table 1. Soil fertiliy before experiment

pH EC OM. IN' Brayl 1.0 M NH4OAc 0.1 M HCI
Treatment 1:1 1:5 P K Ca Mg Cu Mn Z7n Fe
dSm' gkg' mg kg

Topsoil 567 023 298 16.1 33 80 1,366 235 16 21 22 2,293
Subsoil 6.10 018 209 119 30 44 1,355 239 15 24 17 1,793

! Inorganic nitrogen = NO;+NH,-N.
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Table 2. Influence of different nitrogen levels on agronomic characteristics and yields in three rice
varieties

40 Days after Transplanting Maturity stage ~ Grain 40 Days after Transplanting Maturity stage ~ Grain

N Plant Tiller Plant Panicle yield Plant Tiller Plant Panicle yield
kgha!  height number  height number (kg ha™) height number  height number (kg ha™)
(cm) (cm) (cm) (cm)
The first crop The second crop
Tainan 11
0 647" 251° 896 230° 57140 555 20.5° 982° 182" 5265
90  713° 313 956° 267° 6,667 598° 224 1051 188" 5794%
150 737 3218 1012° 279°  7,010° 627 248°  109.6° 214" 6296
210 750* 341 103.8° 299°  7,116°  652° 268 113.0° 234® 6376
270 773 344" 1064 299° 66145 677 284" 1158 254* 5952°
Taiken 9
0 68.2° 212°  972° 199° 5238 632° 199°  1002° 174> 5370°
90 722" 262°  1055° 241° 6322  664° 21.8° 1058 178" 5635%
150  741* 269"  109.1% 245" 6,534 709° 22°  1107° 193® 6270°
210 767° 266" 1144 253 6455 749® 246" 1141 1901% 5847
270 79.1° 319°  1184* 275° 5582 7720 259°  1173*  206° 6323°
Taichung Sen 10
0 71.0° 23.1°  108.1° 172°  6296" 61.7° 24.9° 99.5° 164" 5,132°
90 775" 269 1151° 199° 7,142 673° 262 1048 199° 5370%
150  80.7* 286" 120.1° 197 7,037°  71.0° 296" 112.0° 202° 5,661°
210 854° 283" 122.1* 209°  7,116° 762" 201  1141*  185% 4,550
270 852 278" 1230° 209°  6,667° 82.0° 312 1149*  185% 4,180°

! Within columns, data followed by the same letter are not significantly different, using LSD (P = 0.05).
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Fig. 1. Multiple correlation between nitrogen fertilizer amounts and rice yield of variety Tainan No.11 in

two crop seasons
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Fig. 2. Multiple correlation between nitrogen fertilizer amounts and rice yield of variety Taiken No.9 in
two crop seasons
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Fig. 3. Multiple correlation between nitrogen fertilizer amounts and rice yield of variety Taichung Sen

No.10 in two crop seasons
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Table 3. Influence of appling different amount of nitrogen fertilizer on soil fertility after experiment in the

first crop
N pH  EC OM. IN' Brayl 1.0M NH40Ac 0.IM HC1
1:1 I:5 P K Ca Mg Cu Mn Zn Fe
kgha dSm' gkg' mg kg

Tainan 11
0 5132 024 301° 319"  41* 63" LI83* 211 174 26° 19 201l
90 510 028 314® 355 37 56 1,187 213 170 21 170 1873°
150 512 032° 323 380 44° 55 12100 218 170 21 18 1,935
210 491°  029* 336°  322°  45° 500 1,115 201° 17 17 180 1,796°
270 505° 030 305" 374 38 50° 1111 201° 160 170 16° 1,786

Taiken 9
0 5150 026° 322" 413 35 55 1236 2217 16 25% 15°  2,009°
90 508" 029" 344 388 34° 51 1336° 232 150 217 14 2,092°
150  506® 026" 353® 338> 33 47° 1310 231* 16° 20 14* 1,868
210 495°  025% 365 423* 37" 43° 1247 2200 16° 16" 14°  1,929°
270 491° 028" 324°  341° 35 43° 1239 210° 15 17* 13* 2,076

Taichung Sen 10
0 507 031" 322° 289 34 50°  1337° 234 14° 21 14* 2,189
90 493"  030° 344 285" 36°  38™ 1201 232  13* 16° 13*  1,802°
150 498" 028" 353® 200 377 42" 1352* 239 14° 15° 14°  1,909®
210 481"  031* 365" 331° 33 37 1301 223 14 13° 14 1,865°
270 478 024° 324° 259" 35 36° 1,190 207° 13 12 12° 1,697

! Inorganic nitrogen = NOy+NH,-N.
2 Within columns, data followed by the same letter are not significantly different, using LSD (P = 0.05).
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Table 4. Influence of appling different amount of nitrogen fertilizer on soil fertility after experiment in the
second crop

N pH EC OM IN' Bryl 1.0M NH40Ac 0.IM HC1
1:1 1:5 P K Ca Mg Cu Mn Zn Fe
kg ha dSm' gkg' mg kg™
Tainan 11
0 6402 029° 276" 1563 82 49° 1566° 154 20 120° 30" 2463
90 632" 032* 281% 1633* 88 52 1607 158  19° 98 30° 2316
150  6.19° 030° 302° 1773 88  43* 1516 149° 18 83® 29* 2297
210 603 034°  289% 1540 87° 39° 1476 143 19* 8 30  2213°
270 6050 038 270° 1470 83"  40° 1419 150° 18 89P 29° 2289
Taiken 9
0 622 036° 293 1470° 83 49° 15470 94 19° 98 28"  2.634°
90 600" 034* 290° 1493 87° 47 1411 79* 150 72° 25 243¢°
150 608" 030° 282" 1633* 87° 45 1414® 75 168 59°  23° 2278
210 601° 0.29° 279 1330 94* 45  1292°  63* 17" 66> 24  2394°
270 601° 031°  270° 1447* 86> 43" 1326 68 18  79* 26 2439°
Taichung Sen 10
0 638 021° 249* 1634° 79° 39° 1257 66" 17° 75 25°  2,019°
90  6.16° 031® 244® 1577° 77* 38 1327 79°  17* 62 25 2,053°
150 588 030° 259° 1260 76° 38  1209° 73160 52° 24 1,994°
210 600° 031 237° 1190 73 28° 1232 74 15 500 22°  1,891%
270 578°  040° 256 1097° 72 37 1325 81* 17 71* 26" 2,089°
! Inorganic nitrogen = NO;+NH,-N.
2 Within columns, data followed by the same letter are not significantly different, using LSD (P =< 0.05).
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Experiments of Optimal Rate of
Nitrogen-fertilizer in Producing Maximum Yield
of Rice Tainan No. 11, Varieties Taiken No. 9 and

Taichung Sen No. 10 in Soils Group of Sand
Stone Shale and Slate Mixed Alluvial

Hong-Tang Chen’, You-Hong Zeng’, Ya-Wen Kuo® and Chia-Chi Cheng®

ABSTRACT

The experiments were implenented in sand shale and clay slate mixed alluvial soil
belongs to Koucuo soil series for understanding the influence of five nitrogen fertilizer
levels on yield of three rice varieties inclueded Tainan No.11, Taiken No.9 and Taichung
Sen No.10. Experimenrtal results showed higher amounts of nitrogen fertilzer input can
produce higher rice yields, however fertilizer amount higher than 270 kg N ha™ would
decrease rice yield. For producing maximum yields of rice varieties Tainan No.11, Taiken
No.9 and Taichung Sen No.10 in the first crop, the optimal rate of nitrogen fertilizer is
177, 152 and 156 kg N ha™' respectively, in the second crop, the optimal rate of nitrogen
fertilizer is 190, 150 and 92 kg N ha™' respectively. After experiment, increasing nitrogen
fertilizer application would decrease soil pH and exchangeable potassium content, which

infer the need of increasing potassium fertilizers.

Key words: Nitrogen fertilizer, rice, yield and soil series

! Contribution No.0924 from Taichung DARES, COA.
% Assistant Researcher of Taichung DARES, COA.
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